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SECTION 1 
NICS - NUCLEAR INFRARED CLUTTER SIMULATOR 

11        NICS SYSTEM OVERVIEW. 

interceptor optical sensor w^m ~rf capability of evaluating surveillance and 

extended movL taI2 h!l        „ »™onmen<s to include poin, source md 

NICS winTc     ITT        ^        °P"Cal ClU"er' ^ i0nizinS »««*■. By April !995 the 

The NICS can provide space level, natural, and nuclear f>inl7 „w     ,    ? 



1.2. 

Figure 1-1. The DNA NICS configured for a sensor simulation. 

NICS SYSTEM CAPABILITIES. 

There are two optical projectors that comprise the NICS system, the Static Display Optical Bench 
and the Dynamic Display Optical Bench. 

1.2.1    NICS Static Display Optical Bench. 

The static bench optics consist of display collimation optics, a scanning mirror in collimated space 

and reimagmg (sensor) optics that image the displays onto the sensor focal plane array under test 

The colhmator and reimager are off-axis, reflective, three mirror designs that allow high contrast 

achromatic imaging. Both the collimator and reimager were designed and fabricated using 

principles utilized for various flight qualified sensors and optical instruments. 

These systems are nearly diffraction limited from 2 urn to beyond 15 urn. The beam combiners 

define the optical spectrum available for testing as 2 to 15 urn. The collimator and reimager 

combine to give a system magnification of 0.2, or 5:1 imaging from the displays to the FPA  An 

optical background of 1010 photons/cnAec, X = 10+0.5 um, can be achieved with appropriate 

cold filtering. Other optical system specifications are given in Table 1-1. Both the colhmator and 

reimager are located in light-shielded boxes with the system stop aperture located in a tube 

connecting the boxes. The design reduces the risk of off axis sources interfering with low 
background, space environment LWIR testing. 



Table 1-1, NICS optical system parameters 

«com^^ 

cassette of three nuclear or natural clutter bacleJT "^ °De display hoIds * 

three target and test reticle jta talSTTTnT *"* ** ^ «" «* ^ 

The display plates have see e or tie e 2s r T " ^^ * * ™n Wackb<^ 

Photolithography generated maskT Tn \ ? ^ ^ ^ deCtr0n bea*> 

0.1 urn, the electl iJ^T^TT ^ * * *" " *""" **"*» — * 
nut. JNICS static chsplay attributes are given in Table 1-2. 

Table 1-2. NICS display attributes. 

Display Paramo.. 

Clutter Scene Radiance. 8-1? ^m 

Target Irradiance, 
8-12 um 

Value 

_ Source Nonuniforrnitv at FPA 

_ Scene Plate Translation 

.Target Plate Translation 

Translation Resolution 

.Display Angular Velocity 

Display Plate Size 

JO'8 to 10-3 W/rm2/<;r 

2xl0-ntol0-6W/cm2on 
 FPA 

< 1-4% Across Field 

±2.2° 

. 30 um in display plan» 

.0-7.2 mrad/ser 

6.4 x 6.4 cm 



The display blackbodies are Bartell cones wi,h programmable temperas control from (he optical 

bench erogenic temperahue to 800K. The blackbody temperature sensor calibration is traceable to 
me Natmna. Institute of Standards and Technology (NIST) platinum resistor thermometer standard 
and ,s absolutely accurate to ± 2K. Each display has a dedicated filter wheel with eight filter 
positions. 

Both the clutter and target displays are mounted on translation stages to provide scene and target 
translation, display plate selection, and focusing along the optic axis. The scan mirror scans 

colhmated light from the displays along the x (in scan) direction. The targets can be translated in x 
y (cross scan), and z (focus), while the scene can be translated in y and z. Both stages can be 

programmed to move on external trigger. In past tests, the target stage has been programmed to 
simulate targets flying in parabolic and other trajectories. 

1.2.2    NICS Dynamic Display Optical Bench. 

The newest optical system, available in the spring of 1995, incorporates two independent DNA 
Nuclear Optical Dynamic Display System (NODDS) arrays for fully dynamic scene and target 

generatK,n(CDR, 1994). This optical bench is shown mounted in the NICS in Figure 1-2  The 

elements. The 128 displays are currently available for use in sensor simulations. The 512 arrays 
are expected to be available for NICS simulations in the fall of 1995. The displays provide 
broadband infrared imagery at up to 200 Hz with peak spectral radiances of 10'2 W/cm2 sr urn 

Mn^cT^ With 
NODDS, hardware-in-the-loop and transitions from point to extended targets are possible during a 
single simulation run. u»«s«t 

The dynamic bench optics consist of display collimation and reimaging optics that image the 
dtsplays onto the sensor focaJ plane array under rest. The dynamic display bench collimator and 
rermager are off-axis, reflective, three mirror designs utilizing the same design and fabrication 
principles of the static bench optics. 

The dynamic display bench optics have a diffraction limited design from 2 urn to beyond 15 tun 
The beam combiners will define the optical spec*™ available for testing from the short to long ' 
mfrared spectrum, The dynamic display beneh collimator and reimager combine to give a system 
magnification of 0.5, or 2:1 imaging from the displays to the FPA. Optical backgrounds of 10"> 
Photons/cnfe, x . 10±0.5 ^ ^ be ^.^ ._, ^ ^ ^ ^^J» ^ ^0 

Other dynamrc display optical system specifications are given in Table 1-3. 



™JiMO^^^I^fal Bench parameters. 

In addition to the two Nnnn« ^, i 

**y moonted on   ^ ~       ^ ^ C"*to * ** **- -sparen, 

combiners and project by ,he co 1« T ^ " 0Cn*tod With ^ 
with an eight poJon n^Zl^lT "** "itata" "** °™ *"*>»* 
ofthe optics field of view '^ "^ m°"0n *« *e disphy ,o be fidiy in or on, 

Figure 1-2. Side view of the NICS 
with the Dynamic Display Optical Bench i 

5 

installed. 



1.2.3    NICS Scene Generation. 

The NICS projected scenes are generated from code calculations or existing scenes such as those 

from the Strategic Scene Generation Model or high resolution photography. Scene generation 

support is provided using automated software to translate a computer stored image to the 

appropriate format for either the static displays or the NODDS dynamic displays. Thousands of 

frames can be generated for video scene projection using NODDS. Nuclear scenes are produced 

with power spectral distributions (PSD) that match the DNA specifications for nuclear clutter. 

1.2.4    NICS Sensor Simulations. 

The NICS system has supported multiple above ground tests (ACT) operated in gamma, flash x- 

ray, and neutron radiation testing environments. The system is easily transportable and can be 

configured and brought to operational status by one technician in one day. In addition to operating 

in the MRC Radiation Test Laboratory, the NICS has been successfully deployed and operated at 

several government operated ACT facilities including White Sands Missile Range Gamma 

Radiation Facility and the Aberdeen Proving Grounds Fast Burst Reactor/Flash X-ray Test 

Facility. A testing history past and scheduled NICS sensor simulations is given in Table 1-4. 

 Table 1-4. NICS sensor simulation testing history. 

NICS System IOC 

GSTS Combined Effects Emulation 

DNA Operate Through Gamma Test at White Sands 

USASSDC PET FPA Testing 

August 1992 

September 1992 

March 1993 

Brilliant Eyes Sensor Emulation 

DNA Operate Through FBR/FXR Test at Aberdeen 

USASSDC PET FPA Testing 

USASSDC THAAD FPA Testing 

DNA ANICS Interceptor Emulation 

May - July 1993 

September 1993 

November 1993 

July - August 1994 

DNA Sensors Program Testing 

DNA Sensors Program at Aberdeen 

USASSDC THAAD Interceptor HWIL Testing 

December 1994 

April 1995 

July 1995 

September 1995 

February 1996 

1.3.      NODDS DYNAMIC DISPLAY OVERVIEW. 

The DNA NODDS display development is a collaborative effort between Mission Research 

Corporation and Honeywell Inc. The NODDS resistor array is an approach to obtaining an IR 



*"*■*■WhlCh dd,VCTS U«h »»■» and squires low power. The array aehieves hieh 
radtance w«h high ffli fae,or, high emissivity, and high-temperature (700K) o^T   " 

wmbe»   Z !"^1Sf""inKgure]"3' *"operatiOMl512*512P-'^ 
.arTr" Lirs~~rrTnte^int0MCSby,hefo^ 512x515™,        •„ Kmtethel28xl28dlsPlay operates at a 40 Hz frame rate. The 
512 x 5 2 system wtl, operate a, 200 frames per second. The NODDS display system is cnrrenUv 
being integrated at MRC. ^lem is currently 

Figure 1-3. NODDS 128 x 128 array in a 68 pin leadless chip carrier. 

14.      NODDS DISPLAY CAPABILITIES 



conduc^cematerials, most notably Si,N4, which are patterned into well-defined shapes, leading 
to a well-defined thermal conductar.ee path to the substrate. § 

The low thermal conductance would normally lead ,„ long time constants if not for the fact that the 

mthabng emmer thin films contribute negligible thermal mas, As a typical example, the e^e 

dermal mass ts approximately lor» ,/K for a 2 mil pixeh The thermtü conductivity, depending on 
«mperantre, ,s typmally in the range of 3x,0- W-pm/K. Thus, a pair of 30 mm tag legs 2 
have a thermal conductance of about W6 W/K. 

A 2 mi1 pixel with 30 pm legs wil, have an e-folding temperature time constant in the range of, 

ms. The radtance, depending somewhat on wavelength, reaches 90% of the final ievel wLn a few 

NODDS array performance characteristics are shown in Table 1-5. 

Table 1-5. NODDS display performance characteristics. 

Performance Characteristic Specification 1 

Spectral Range 

Max Effective In-band Radiance 

Emission Spectrum 

Radiance Range 

3 to 12 urn 

10'3W/cm2sr 

Radiance Resolution 

End-to-end Radiance Accuracy 

Across spectral range 

104 

0.1% 

Display Background Radiance 

Radiance Variation in Frame Tin*» 

1% 

< IP'8 W/cm2/sr 

Pixel-to-pixel Uniformity 

Pixel-to-pixel Crosstalk 

Spatial Resolution 

1% 

0-3% of maximum radiance 

1% 

Display Operating Temperature 

Dead Pixels 

128x128 and 512x519 

40K to 273K 

Pixel Fill Factor 

Frame Rate 

0.1% 

15% and 50% arrays 

DC to 200 frames/sen 



SECTION 2 «Et»™ m „racAL SENSOR smm mt Am mio^m 

NICS simulator is capable of £L„        ! SenS°r °PÜCal ima«inS s?stem' ^ 

.es. a complete sensor such as „* J^^™"* <" »S* »ut of the chamber to 

per testing dollar spent data will h, „     •  ,    / Typtcally, to achieve the most value 

should range from™!"^       T     * "^ " "** ^^ *« >»" 
sensor, mLon object IteldT   ? ""^ " "'" "' te ™* 

Defied tes, data analysis should be conducted afterIT« ""     *" °bJeCÜVeS- 
signal processor characterization results P,,    , ? ^"""S"'° Pr°Vide **A *"« 

^ca^ogedandsto^   ;~^^£^ ^ * *«™«.a. « 
Figure 2-1. "^ A baSe,lne ^^ se»sor test campaign is shown m 

*•1       TEST CAMPAIGN CONFIGURATION REQUIREMENTS. 

The test campaign experimental hardware must be cnnfi<„™H    A : 
test and evaluation of optical sensor systemT Conf    T "^^ '"*" PriOT'°,he 

^. objectives which flow down fromTe T       "* ^ 0" "» experimental 

to dewar prepared, the drive data capture 2        , '        *" """^"" *** «"« 
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i y 
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Test Results Documentation 

] 

Figure 2-1. Flow chart for FPA characterization testing campaign. 

2.1.1    NICS/NODDS Test Hardware Configuration. 

AD environmenta! simulator experimental parameters must be derived from the test campaign 

MC   Il:^Sh0Uld fl0W ,d°Wn ft0m "- — "**» °™ «™- *£ the 
NICS rs an opttcal scene stmulator, most of its operating pantmeters direcüy influence due opdeal 

stgna. .net en, on the FPA under test. The NICS Haclcbodv and its optical density fiL^n ,h 

Zt reSPOnS1V,ty (SignaI VeBUS °PtiCai flUXX °U*Ut "°ise as * »»*» of incidence 

temperamre. Rad,a„ce levels „ controlled fcy ^ ^ ^ ^ ^ y 

10 



»d optical density can also be controlled by cold filters ,oca,ed in the FPA test dewar filter cup 
Overall background levels are determined by the spectra, and optical density cold filters ^U as 
the operating temperature oftheNICS optics. a niters as well as 

Simulated imagery originates from either a static display mask or the NODDS dynamic displays 

Tte   aficcnsptay „ a halftone ma, must be designed and installed in the NICS prior to op^fion 

mmnfie    Ki ■heNODDSdlsP,aysProvldeft>"y dynamic, addressable, and 
meonfigurable scenes for the FPA under test. Aside from the selection of spectra, „r optical 

Z£Zr,„;ir:TjectedTherefore- **«a *» « «^. -—. 
mconfi" " dUring "*'^ Camp^ "*« ■—« 

s^rdtr Tdifferem sets of image,y *■ - jB**d in MCS:
 °p^y «to- 

of frames, i^^TtH" ^^ "* " ^ ^ ^ "* nUmber 

content o fh 
ynamCS mUSt *" be C°nSidered in addition to the actual content of the frames unaged onto the FPA and signal processors 

11 
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Figure 2-2. NICS and NODDS simulator configuration options. 

12 



Bench wiH be characterization win he cotnpieted by L ^5 ^^    ^ °^ 

2,1,2    Ka<»ation Source Configuration. 

"a^ 

environments the «Td^el^'f      "^ " ^t0 «*""* Si™"te *~ 
containradiationinciudC^^TT? &ampteSOf—--„..ha« 

^»g neutrons, J^"^^^ 

Radiation source configuratio   »«1     ^ " ^ " ■"*" "' ^*»• 
levels a, the componentnZ   ^    T        ? ^i0-— *~ — «* «*. dose 

operating environment. necessary for the simulated sensor 

Rad,atio„ environments experiment configuration options are shown in Figure 2-3. 

2.1.3    FPA and Electronics Configuration. 

FPA clock and bias drive electronics are configured according to FPA H   ■ 
specifications for voltage and current!     , ,       °rdmg t0 FPA device manufacturer's 
a FPA readout test dele ^«   ^ T "" ***■" —** «< *- timing. If 

available, electromcs optimization should use it instead of the 

13 



c Simulation 
Requirements 

Weapons-Induced 
Background 

Natural Environment 
Background 

C Simulator 
Configuration 

Debris 
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Flash X-ray    | 
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Figure 2-3. Radiation environment configuration options. 

hybridized array, because the test device is much less expensive than the readout and detector array 
hybrid. Once the drive electronics are optimized with the readout, the hybrid FPA can be installed 

and its electronic and radiometric performance optimized. Optimization frequently requires iterative 

adjustments of clock timing, rail voltages, and detector and circuit bias levels to achieve peak 
optical and noise performance. 

14 



Major FPA and its associated electronics confignration steps are shown in Figure 2-4. 

2-2       SENSOR PERFORMANCE CHARACTERIZATION PROCEDURES. 

2.2.1    Noise Performance. 

collected for L^A " ^ "^ "" eXp™- S«* *o„ld be 

collected in nrH    f   rmneClOCkfeed'through noise. As many frames as feasible should be 

noise characteristics. UMg a t6St camPa«n have si^ar 

2.2.2    Radiometrie Performance. 

spatial uniformity dynamic ran,. J   ,1       T ^ resPonsivity> detectivity, ±- wuy, aynamic range, as well as other operating characterise   D ^ •   , 
should be collected at vwn.1 H, M. ^ F^ung cnaractenstics. Radiometrie data sets 

blackbody filter wheel   Sienal ,,„ ,    „    „ S      """^ denSily fflters in "* NKS 
wheel. Stgnal levels should range from the background noise floor through hard 

15 
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Figure 2-4. Focal plane array and associated electronics configuration options. 
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samraüon. As in the „oise data case, flood levels should be collected a, as many levels „i,h as 
many frames per level as is feasible to insnre statistically robnst results. 

sets shonld be colleaed a. tine star, of each .esflng day in order ,o verify that FPA operaflnfi 

collect a few flood levels at one blackbody temperature for the daily verification sets. 

2-2.3    Ionizing Radiation Effects. 

tonizmg radiation effects can range from negfigible ,„ severe, based on the radiation dose rates 
otal dose, type of radiation, and the system under tesfs hardness ievel. Since performlT 

«■on is the primal effect radiation has on a sensor system, the sensor e^nTs 0u,d 

determined bv,r "        °°     B"°n ^^ ^^t0 a maxi»™ level as 
ev^„ 7" reqUlrementS' SySttmS effeC,S CM be <*oM «» topulse noise 
event rate,» measure the sensor's performance in this environment. As in the noise and 

zr:or'Ta,i^^^ -i 
stolt        Tr* mSUre a COmpreto™ characterization. Radiation source dosimetry 

sut«™rrreinoriCTtod™——rd 
2.2.4    Combined Optical and Radiation Effects. 

dtse«IT* ""' ra?i0n da'a !S "*"** "IS *«'— <° «*■<« simple flood 
luh ^?Z7H iD OTde"0i"-i^P0'»tia1 synergistic effects between «heto 

21*1     T    ?U'red 2t SeVeral °PtiCal md ■*"-'« "»*'" «* » better charactenze any effects that may be observed. 

2.2.S    Optical Sensor Simulation Test Scenarios. 
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ZZrj^   H 8eOUS t0 ** CValUati"g —*«*"-» against simple 
««DO. and proceed to more compiex seenario, The targe, size, shape, emission spectrum 
radtanee, s,g„al-,o-chmer ratio, and dynamics wffl a.1 be determined by the sensor's rmssion 

2^£*r-"—nre^mentscanbesimnJlsing 

^ttan  TTaTTHr8168"0"°fteSttagC°mp,eXi,yfM "»" <»»-—on 
bcTb^rd t gm with simpie sta,ic ,aws at ™s ^ ** <*-« » -CflST ^ T t0 dynanÜC targetS' ^«■*** StaM *"** »«*» pt i f* ZT; T' 1  g diagonaJS t0 check for ** "m^' -* *»*» Pixel fin factor. The nnmber oftarge« and spacing between targets is driven by mission 

Once target data is collected, optical clmter can be added as backgrounds. Chatter comrfexitv 
shoul progress from little structure (iow spatia, frequency conteS) ,„ mgmy lZd 2 
£rt fluency content). Exampies of these include diffuse sources J^£Jf 

:^rer
oamorecomp,exscenei"dudi-auroras ■*•*.—*.-*-££«« 

mmation^L "mrmos T ^ *""* *"*■ ^ »**»• "* *** ™-S 

performance m mission-required engagement scenarios. 

2.2.6    Data Evaluation during Test Campaign. 

acqmsxüon of good data to meet sensor evaluation criteria. 
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Least Stressing 

Most Stressing 

Figure 2-5. NICS sensor testing options. 
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Typical parameters that should be continually evaluated during an experimental campaign include 

FPA radiometrics, noise floor levels, optical flux saturation level, data frame synchronization and 
jitter, and subsystem acquired total radiation dose. 

2.3       POST-TEST CAMPAIGN PROCEDURES. 

2.3.1    Detailed Data Analysis. 

A detailed analysis of the test data should commence after the conclusion of the sensor test 

campaign. This analysis should yield FPA characterization information such as radiometric 

responsivity and spatial response uniformity, mean detectivity, D*, dynamic range, noise floor 

levels, and operability. Sensor signal processor subsystem parameters such as false alarm rate 

probability of detection, tracking accuracy, aimpoint selection accuracy, and clutter mitigation ' 

performance can be determined. If radiation was an environmental component in the testing, the 

FPA and signal processor effects of prompt pulse, steady state flux, and total dose can be 
determined. 

2.3.2    Comparison to Prior Test Results. 

If test results from a different resting facility are available for the sensor under test, i, is frequendy 

valuable to eompare Ute eueren, results to those obtained previously. Prior test results that 

corroborate the current results are a good indication that the sensor subsystems were operated 

correctly and «ha« the results obtained in each test are most likely valid. If, however, «he results of 

one test campatgn contradict or do no. agree with «hose of another test, then questions arise as to 

whether there was a similar hardware configuration in the tests, whether the test conditions were 

the same, and whether .here was some componen. failure or unknown change between the tests 

to tins event, thorough test documentation may provide the analyst with the reasons for the 
dissimilar test results. 

2.3.3    Test Result Documentation. 

The test campaign documentation should provide a complete summary of the test objectives the 

procedures followed to meet those objectives, a comprehensive listing of to data acquired during 

the campatgn, the experimental configuration for each data set, data analysis results and 

condustons, and recommendations for teure testing of the same, or similar, sensor focal planes or 

electron*, Table 2-1 lists many of the generic entries necessary for a comprehensive experiment 
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Table 2-1. Contents ofa experimental test report. 

Introduction 

[ Hardware confifmraH^ ^fr„ 

Experiment layout diagram 

|_Daily experimental n^ ^ 

LSummarv of test fat» AI, hr|f1r|.. 

Sample image fife« prm^ 

I Radiation dosimetry notes 

I Radiometrie calihrati»» nntr~ 

[Quick-look data analysis result. 

[.Detailed data analysis recite 

[ Comparison to p™™».. —n,r 

2.3.4    Test Data Cataloging and Archiving. 

Experiment documentation should enable » n.r 

be archived along with as rauch infection „11, ' " "* '^ ^^ shouM 

« Testcondifioninro^ 

documenting each data se, collected Table 2 2T """"^ " *"*» means for 

system configuration data that is acquired 1^ TT* *"* ^ ^ *«* 
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Table 2-2. NICS Static Display Optical Bench system configuration data. 

Data file path name (DOS) 

Triggered DAQ (v/n) 

Trigger offset (s) 

Background start (cm) 

Background stop (cm) 

Background rate (cm/s) 

Target X start (cm) 

Target X stop (cm) 

Target Y start (cm) 

Target Y stop (cm) 

Target rate (cm/s) 

Beam combiner temp (K) Tank temp (K) 

Cold cover temp (K) 

Rad shield temp (K) 

Cryogen level (% full) 

Collimator box temp (K) 

Scene mask mount temp (K) 

Target blackbody temp (K) 

OBri right temp (K) 

Scene BB mount temp (K) 

Scene filter wheel temp (K) 

Target filter wheel temp (K) 

OB center temp (K) 

OB left temp (K) 

Chamber vacuum fluTorr) 

Target mask mount temp (K) 

Target BB mount temp (K) 

Scene blackbody temp (K) 

Scanner mount temp (K) 

Imager box temp (K) 

bet^r XT ^ "* data aCqUiSiti0n SyStem teSt C0nfigUrati0n **™*» ** should be stored with each data set collected during an FPA testing campaign. 

 Table2-3- FPA and data acquisition test configuration data. 

Device manufacturer 

Device nomenclature 

Description of test 

Radiation facility / source type 

Detector number(s) 

Blackbody chopping frequency 

TIA gain setting 

Experiment Number 

Total dose on device 

Gamma flux level 

Detector bias level 

Voltage amp gain setting 

Blackbody temperature 

Integration time 

TB #2 Sample period 

TB #1 Sample period 

Samples in TB2 

Samples in TB1 

Number of post trigger samples 

Number of pretrigger samples 

Preamp Channel 1 
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^_^~ac^011 test configuration ^ (cominued) 

[TIALF roll-on 

TIAHF roll-off 

ITIA coupling 

I Voltage amplifier LF roll-on 

Voltage amplifier HF roll-nff 

Voltage amplifier coupling 

Blackbody aperture size 

Optics F/# 

LN2 filter 

LN2 aperture 

Timing file name 

Date 

Time 

.Device Temperatur 

Active segment mimKQf 

Acquisition moHp 

Number of channels 
|recorded 

Channel to trigger nn 

rator name 

Data directory path 

Ktance LN2 aperture to^J^e^ 

I LHe filter 

LHe aperture 

j Distance LHe aperture to rfevir-e 

[Dewar Background Incidence 

Segment size 

.Ending segment nnmw 

Data Format bvtrx/pW^ 

Preamp Channel 9 

Preamp Channel ^ 

Preamp Channel A 

Data Acq. Trigger couplinp 

Data Acq. Trigger 

Data Acq. Trigger d»r 

Data Acq. Upper trigger level 

Data Acq. Lower trigger level 

External trigger setur 

Detector length (physical 
[ optical) 

Detector width (physical 
I optical) 

Detector thiclcne« 

«nee many pIatforms. .^^ « ■ *» BO 9000 standard fa CD media, 

standard. computers and workstations, have access to the 
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SECTION 3 
TEST PLAN FOR SENSOR TEST AND EVALUATION 

3.1        SAMPLE SENSOR TEST PLAN. 

s?a^rrS,iS " SamP'e *" Pla" deVd0Ped fOT - eXPerime"' "-^ <° «*~ - LWIR 
stanng focal plane array n ,he NICS a. the MRC Radiation Test Laboratory. The sensor FPA was 
evaluated a, a s,ng,e integration time and device bias with ,wo different „rig patten," iZL, 
- gamma crcumvention «on» and "off. The testing focused on FPA noise Id ^uT 

haraetenzauon as weh as its performance it, hod, prompt x-ray and dehris gamma iomlg 

«£« envnonments. Sensor simtdations incinded targe, imagery in bem>, opticahy Lered 
and radiation cluttered backgrounds. ^yciuuerea, 

3.1.1      Flood Datasets. 

1 •  Set integration time based on scene blackbody (BB) floods. 

2.  Set blackbody temperature. 

3 •  Turn gamma suppression off and capture 45 frames. 

4. Turn gamma suppression on and capture 45 frames. 

5. At several temps, capture OD's for BB temperature check. 

6   ^t^*"10™"0»1**-™*' Signallevelsrange from no optical 
signalftackground into hard FPA saturation. 

3.1.2    Gamma Datasets. 

1 • Capture gamma se, (90 frames) a, 1.5 x 10» y/cnA with gamma suppression on 

2.  Repeat for gamma suppression off. 

3 •  Reduce gamma flux to 7.5 x 10« y/cnÄ and capture 90 frames. 

3.1.3    Floods and Gammas Datasets. 

1.  Set flood level for near saturation signal level. Verify that FPA is not saturated. 
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2i sr^^r^'-*-'-"*»-«^« 
3.  Capture 30 frames with flood only. 

4-  Capture 30 frames of gammas with gamma suppression off. 

5. Capture 30 frames with flood only. 

6. Repeat 2-5 using 10% transmission filter over flood. 

7. Repeat 2-5 using 3.6% transmission filter over flood. 

8. Repeat 2-7 with gamma flux rate of 5x10» y/cm2s. 

3.1.4    Targets and Gamma Datasets. 

'•  S='^forsignaUcvel = 2xsinglegamnaeveiit  VerifythatH>Aisnotsaturated 

2 -7~^ror
(30^s)atm^^--a5E9Ph/cm2s) 

3- Repeat step 2 for gamma suppression off. 

4.  Repeat 2 a„d 3 „sing 50% transmission filter over ^ ^ . ^ ^ 

5.Hepea.2a„d3usinglo%transnlissionfflterovcr^t(target = 2o%ofs^^ 

3.1.5    StetionaiT Clutterj Moving Targete and Gamma ^^ 

>.  ^c.unerfors^^.W.PPA«»». Verifyma,PPAisnotsamrated 

2 ■  Set targe« for sigaal level . 2Q% ^ ^ ^ ^ ^ ^ ^ 

3. Capmre dataset (30 frames) a. maximum gamma flux rate (..5E97/cm2s, with 
suppress™ on. Document target location. Smima 

4-  (^^<»^)fa^1,VB^ÄUraliiKBt]ocaitat 

3. Step targe, complex about !/2 pixel along diagonal toject0Iy. 

6.  Repeat 3 and 4. 
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7.  Repeat steps 5, 3, and 4 for 10 datasets. 

3.1.6    Moving Clutter, Moving Targets, and Gammas Datasets. 

1. Set clutter for signal level- 50% FPA saturation. Verify that FPA is not saturated. 

2. Set targets for signal level« 20% single gamma event. 

3. Capture dataset (30 frames) at maximum gamma flux rate (1.5E9 y/cm2s) with gamma 

suppression on. Document target location. 

4. Capture dataset (30 frames) for gamma suppression off at same target location. 

5. Step target complex about 1/2 pixel along diagonal trajectory. 

6. Move clutter x pixels in vertical. 

7. Repeat steps 3-6 for 10 datasets. 

3.1.7    FPA Temporal Response Using NODDS Array. 

1. Image NODDS emitter blinking at 40 Hz onto FPA. 

2. Capture 100 frames with gamma suppression on. 

3. Repeat data capture for gamma suppression off. 

4. Repeat steps 2 and 3 for NODDS running at 20 Hz and 10 Hz. 

3.1.8    Flash X-ray Datasets. 

Note: Flash X-ray (FXR) voltages refer to single Marx bank voltage. Total shot voltage is 
12 times the stated voltage. 

1. Capture FXR set (90 frames) with no optical signal at 90 KV charge with gamma 
suppression on. 

2. Repeat for gamma suppression off. 

3. Repeat steps 1 and 2 for 80 KV and 70 KV charge. 
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3.1.9    Floods and FXR Datasets. 

1. Se, floods for „ear saturation «ve,. Verify that FPA is not saturated 

2. CapturePXRandflood(*fratnes,a,90KVchargewitf,gammasuppressiono, 

3. Capture 90 frames with flood only. 

4. Capture 90 frames of 90 KV charge shot with gamma suppression off. 

5. Capture 90 frames with flood only. 

6. Repeat 2-5 using 10% transmission filter over flood. 

7- Repeat 2-5 using 3.6% transmission filter over flood. 

8 •  Repeat 2-7 with 80 KV charge on FXR banks. 

3.1.10   Stationary Clutter, Moving ^   FXR   ^ ^ ^^ 

1-  S—rforsignalleveU^PPAsa,^. Verify that FPA is not saturated 

2 •  Set targets for signal level. 20% single gamma event (10» filter from above). 

3 •  Set target stage for 3 cm diagonal trajectory at 1 cm/sec with * 
into scan. ^ SeC Wlth frame sync trigger 1 second 

4-  Capture dataset (90 frames) at maximum gamma flux rate (1.5E9y/cm2s) with , 
suppression on with 90 KV FXR dw „     u     • ^"^Y/cm2s) with gamma 

location a. star, a„d e„™ *" Sy"Chr°nEed» ^ «*»■ »™ target 

5. Repeat step 4 for gamma suppression off for same targe, sean. 

6. Step target complex about 1/2 pixel along vertical trajectory. 

7. Repeat steps 4 and 5. 
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SECTION 4 

DISTRIBUTED INTERACTIVE SIMULATION METHODS 

APPLIED TO NICS TESTING 

4.1        OVERVIEW OF NICS DISTRIBUTED INTERACTIVE SIMULATIONS. 

Distributed Interactive Simulation (DIS) testing using the DNA NICS with NODDS dynamic 

delays represents a new means of providing DNA sensor test and evaluation capabilities to 

sensor testing customers. The implementation of DIS methods to NICS sensor simulations offers 

many advantages to testing customers: rapid distribution of testing data and results to multiple 

sensor designers, developers, and program offices; widespread availability of the DNA sensor test 

and evaluation capabilities; reduced costs for the testing customers resulting in more efficient 

higher quality sensor system demonstration and validation; and increased visibility for DNA 

programs and technology development efforts. By utilizing a distributed data communications 

network, the test data is made available to multiple sites and/or program offices, providing wider 
area distribution of test results. 

4.2       ADVANTAGES OF NICS DIS TESTING. 

Widespread, high speed data distribution adds significant value to the NICS/NODDS sensor 

testing facility. The major attributes of using distributed interactive networking include real-time 

scene generation from remote sites and hardware-in-the-loop test capabilities, data validation in n 

real time to insure experiment validity, and reduced testing costs for all programs involved in the 
simulation. 

near 

4.2.1    Hardware-in-the-Loop NICS Testing. 

High speed data communications linking the NICS simulator to remote scene generation and data 

processing facilities provides an integrated, multi-facility hardware-in-the-loop simulation 

capability. Simulation scenes generated by remote computing facilities can be relayed over high 

bandwidth communications links such as Tl lines to the NICS facility. There, the scenes will be 

processed for display on the NODDS and projected through the NICS optics onto the sensor FPA 

under test. Data is acquired, formatted and encrypted using the proper protocols for the 

communications service, and sent out to the remote processing facility. The signal processing 

facility computes sensor maneuvers and diverts according to the scenery input, calculates new 

sensor state vectors, and sends the state vectors to the scene computation system. The new scene 
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v stemt       T     tranSmiSSi0n• and SeM t0 tte MCS **» for ^^ ™. dis«bu,ed 
ystem makes use of multiple facilities' remote resoles in a single, integrated, hardware-imthe- 

loop sensor stmulation. A simple conceptual layout of a distributed NICS sensor simulation is 
snown m Figure 4-1. 

Interceptor 
Processing 

Facility 

¥ 
IIMIIIIINI 
isiisiiisim 

uniiiiniiii 

Signal Processors 
IMU Processors 

Receive Image Data 
Process Target Coordinates 

Calculate Interceptor Diverts 
Send Interceptor State Vector 

Receive State Vector 
Calculate New FOV Scene 
Display Scene on NODDS 

Image Through MCS 
Image with Interceptor FPA 

Send Image Data to Processors 

Test Program Office 

Simulation Command/Control 
Monitor Simulation Progress 

Remote Site Evaluation 

FigUre4"1 -baSco^^^ 

4.2.2    Data Validation During the Test Campaign. 

teneTr 'Tm J" ^^iD ™ "* *" by muW"k »I» testing can prevent 
me need for addmona, test campaigus when corrupt or simply insufficient data sets are acouZ 

d-a Th s prevents me experiment from ending, hardware being disassembled, and personne 

eavmg Ute test sue without the retired data. DIS prevents a premature experiment shuZn aud 

couse^uently reduces the costs of experiment reconfiguration and retesting'm addition" 

29 



analyse processing data can help diagnose problems during initial hardware configuration a, the 
beginning of a test campaign. 

4.2.3    DIS Reduces Testing Costs. 

MS usage in NJCS tesfing lowers the total costs of performing sensor subsystem testing and 

y,ng on sensor software slmulationSj wh.ch .n many baimt ^ M 

nsT °PTg 7" The m0S'Si8niHCant C°St "** <"* fr- -inga retest due to 
^Tale     ;C0UeC,i0n)areto^0md — ^hardware shipment. TabiL iists 

several areas of cost savings using DIS. 

Table Y-Estimatedcostsavin^ for a nominal two week NICS test using DIS. 

NICS Testing Savings with DIS 

Disassembly and packing at MRC 

System assembly/checkout at remote facility 

System disassembly at remote facility 

System assembly/checkout at MRC 

ANICS personnel travel 

Customer analyst travel 

NICS shipment with commercial carrier 

Remote facility coordination & planning 

Remote site/shipping contingencies 

Radiation source operation 

Total Savings for Test Customer 

Test Savings 

$1K 

$2K 

$1K 

$1K 

$3K 

$12K 

$8K 

$1K 

$1K 

$10K 

$40K 

Customer technical staff travel savings can be significant. DIS wU1 to multipIe ^ 

vanous contractor and program office sites to analyze test data in „ear real time without ^ T 
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equipment shipment costs. Assuming that four analysts „m study the test data over the eourse of a 

$12K. The total test savmgs is about $40K based on ttese assumptions. 

For a NICS/NODDS DIS FPA test, the most tha, a customer wou,d ship would be their focal 
Plane, fcs, dewar, and possibly their data acquisition electronic, The sMpmen, „Z *ms is 

ZMCSITT 'eSS labM to "°* -*'" genCraJ iS ^ —penLthanSlltof 
ZZTJJ 7      " The "*"* rfSk t0 hardWare reSUIti°« *»'- Sequent 

4.3       DIS METHODS APPLIED TO NICS SENSOR TESTING. 

facility NODMH ' teStl°g faCiUty-" "a I«0«™ offiee subcontractor's 

™m    •     ,        cmtywou]d provide the ionizing radiation environment, if required  Test 

eZt Mcstr1*"8 *e combined °p,icai - ra<«°" *<* woJ;" by 

4-4        DATA COMMUNICATION AND NETWORKING ISSUES. 

T7~rT ""T r 10° kWS ,ranSfer rateS- ^ ^ "*^£ frame relay 

context of testing requirements and available testing budgets. 
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the~ ^ C°St PCr Umt bandWMth °f *~«*» » ** - decrease signify in 

Table 4-2. Candidate data communication services for DIS NICS sensor testing 

Service        Service      Transmission 

Standard 
Telephone 

Bandwidth 

ISDN 

56 kb/s 
analog 

56 kb/s 
digital 

Switched 56 56 kb/s 
digital 

Tl 

Switched 
Tl 

1.544 Mb/s 
digital 

1.544 Mb/s 
digital on 
demand; dial 
up service 

Bandwidth 

115 kb/s with 
compression 

115 kb/s with 
compression 

115 kb/s with 
compression 

> 3 Mb/s with 
compression 

> 3 Mb/s with 
compression 

Installation 
Cost 

$100 

$50 

$50 

$0 

$0 

Service 
Cost 

$25/month + 
connect time 

Hardware 
Required 

vare   I 
ired    | 

$42/month + 
connect time 

$600 for 2 
modems 

$42/month + 
connect time 

$13K/month 

$5000 for 2 
routers, 
adapter 

$3000 for 2 
routers 

$1500/month 
plus $400/ 
hour usage 

DSU/CSU, 
routers 

DSU/CSU, 
routers 

4.5 
MRC RADIATION LABORATORY ,N DIS NICS TESTING. 

support customer testing in this f^Zc^ " " reC°nflgUration is re<^ to 
ng    this facility. Continuous gamma environments are provided by the 
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focal Plane m NICS. In addmon ,o tine gannna sonnee, the MRC Pnlserad 112A BrehmssTahlnn, 

Ü* face p an, De„vered dose rates inside ^ wcs „ ,„ (o J   » « - 
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SECTION S 
CONCLUSION 

This test methods interim report documents methods developed for the test and evaluation of 
mtereeptor and surveiuanee sensor systems using the Defense Nuelear Agen^N cl 
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ATTN: GREG OLSON/HTC 

MAXWELL LABORATORIES INC 
ATTN: A KALMA 

ATTN: DR. G GURTMAN 

MISSION RESEARCH CORP. 
2 CY ATTN: D G PRITCHETT 

2 CY ATTN: D R MOORE 

2 CY ATTN: T E OLD 

NICHOLS RESEARCH CORPORATION 

ATTN: H SMITH 

PHYSICS INTERNATIONAL CO. 
ATTN: S L WONG 

PHYSITRON INC 

ATTN: K WOODS 

ATTN: R SKORPA 

RAYTHEON CO. 

ATTN: R TRAVIS MS/1 K5 

RESEARCH TRIANGLE INSTITUTE 

ATTN: M SIMONS 

INSTITUTE FOR DEFENSE ANALYSES 
ATTN: CLASSIFIED LIBRARY 

ROCKWELL INTERNATIONAL CORP. 

ATTN: TED JENKS/MC 031-BC04 

JET PROPULSION LAB 

ATTN: A JOHNSTON 
ROCKWELL SCIENCES CENTER 

ATTN: A20/G WILLIAMS 

KAMAN SCIENCES CORP. 

ATTN: CHARLES WOODHOUSE 
SCIENCE APPLICATIONS INTL CORP 

ATTN: C F BLOEMKER 

KAMAN SCIENCES CORPORATION 

ATTN: DASIAC 

LOCKHEED MARTIN CORPORATION 

ATTN: S SALISBURY 

LOCKHEED MARTIN CORPORATION 

ATTN: G LUM/ORG 81-40, BLDG 157 
ATTN: R SAWYER, MS/M130, BLDG 158 

LOGICON R AND D ASSOCIATES 
ATTN: DOCUMENT CONTROL 

SCIENCE APPLICATIONS INTL CORP 
ATTN: B L BEERS 

ATTN: J TIGNER 

SPARTA INC 

ATTN: DR M BALU BALACHANDRA 

TELEDYNE BROWN ENGINEERING 
ATTN: DR M FRENCH, MS 50 

THE AEROSPACE CORP 

ATTN: LIBRARY ACQUISITION M1/199 
ATTN: N SRAMEK 

Dist-2 



DSWA-TR-95-80 (DL CONTINUED) 

THE RAND CORPORATION TRW ,NC 

ATTN:J GROSSMAN ATTN: W KINGSLEY 

TRW INC 

ATTN: BMDO/SE 

Dist-3 


